3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors (statins) may produce mild to severe myopathy. However, it is unclear if sarcopenia (decreased muscle mass and functional capacity) is also accentuated by the drugs. In a cross-sectional design, functional capacity (timed up and go, quadriceps-and hand grip strength) and lean body mass were compared between 71 low-dose statin users (<20 mg/day) and 57 age-and BMI-matched control subjects (all apparently healthy elderly women aged 74.6±5.3 years). Possible confounding factors were assessed by questionnaires. A fasted blood sample was taken to measure serum creatine kinase levels to search for muscle damage. Statin users had higher functional capacity than controls (quadriceps strength 25.3±7.5 kg vs. 20.5±6.3 kg in controls, P<0.001; timed up and go 9.7±2.1 s vs. 10.8±2.6 s in controls, P=0.01).
Introduction
Statins are one of the most widely used drugs worldwide to treat or prevent cardiovascular disease. In the United States of America, 35.9% of people with high levels of cholesterol used statins in [2003] [2004] , 1 which corresponds to >100 million prescriptions of statins. Since the prevalence of cardiovascular disease is rising and the elderly population is growing, the use of statins will continue to rise. The principal mechanism of cholesterol lowering of these drugs is via inhibition 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase. Besides cholesterol lowering effects, statins also improve endothelial conditions and reduce systemic inflammation. These multiple effects explain the popularity of these drugs.
Despite its benefits, adverse effects like myopathy (muscle pain or weakness, with or without creatine kinase (CK) elevation) have been reported in 10% of high dose (>40mg) statin users. 2 Statins may initiate immunemediated forms of necrotizing and inflammatory myopathy, 3 thereby unmasking or aggravating various metabolic myopathies and other neuromuscular disorders. Rhabdomyolysis, the most severe form of myopathy, is reported in 0.5% of high dose statin users. 4 Symptoms of myopathy get worse during exercise: muscle pain (myalgia), cramps, fatigue and weakness are then reported in 25% of statin users. 5 Mitochondrial dysfunction might be the underlying cause of these adverse effects. 6 Other side effects of statin use include headaches, nausea, abdominal pain and diarrhea. 7 Sarcopenia is defined as the loss of muscle mass and function that occurs during normal aging. It is associated with a deterioration of muscle strength and walking capacity leading to dependence and increased mortality in older adults. 8 Given that both statin use and sarcopenia are common with increasing age, the aim of this study was to investigate if statins also contribute to deterioration of functional capacity and body muscle mass in elderly subjects, besides subjective side effects like muscle pain.
Materials and Methods

Study design
A cross-sectional study was performed using 2 groups: elderly women currently taking statin treatment and a control group with similar age and body mass index (BMI).
Study population
The study population consisted of 128 community living elderly women, aged 65 years or more. One group consisted of 71 subjects currently taking low-dose (≤20 mg) statin treatment (for at least 6 months before measurements). The second group consisted of 57 control subjects without current statin intake (or with statin intake until >2 months before measurements). These time frames of statin use were chosen, because the majority of statin-related myopathy cases occur within the first six months of treatment and decreases within two months after cessation of the therapy. 9 Subjects were drawn from the INTA database containing apparently healthy elderly subjects living in 2 different communities of Santiago (Chile): Macul (low socioeconomic status) and Las Condes (high socioeconomic status). Participants from Macul were collected from a public health centre. Participants from Las Condes were collected from three governmental elderly centers. Exclusion criteria were: severe movement disabilities, dementia (mini mental state <20), 10 taking medications that could interfere with the effects of statins on muscle (fibrates, corticoids) or presence of severe chronic diseases (cancer, AIDS, heart-, liver-, kidney-or lung failure). A minimal sample size of 60 subjects per group was calculated sufficient to yield a significant difference in functional capacity (20% difference in TUG and 10% in quadriceps strength) between the two groups (using a one sided α<0.05 and a power of 80%). The numbers were based on a previous INTA study measuring quadriceps strength and timed up and go in a general population of apparently healthy elderly in Santiago, Chile. 11 
Study protocol
Subjects came once to the premises (INTA) after an overnight fast. First, they had to sign a written informed consent after oral and written explanation of the study. Second, a fasted blood sample was taken in which creatine kinase was assessed. Third, after breakfast, mini nutritional assessment 12 and mini mental state 10 questionnaires were performed, as well as a short questionnaire including questions about physical activity, diseases, medication use, muscle pain and nutrition. The purpose of these questionnaires was to identify possible confounders that could influence the outcome of the study, such as physical activity or muscle pain. Muscle pain was defined as chronic (>2 weeks) pain in arm or leg mus- cles. Fourth, body examinations were performed including anthropometric measures and whole body densitometry. Finally, functional capacity was measured using a quadriceps table, a handgrip dynamometer and the timed up and go test. The study was approved by INTA's ethical committee.
Methods
Blood sample
A fasted blood sample of 10 mL was drawn from the ante-cubital vein in the forearm and stored in 2 tubes of 3 mL of serum and one tube (4 mL) for plasma. One tube of 3 mL serum was immediately stored in a dark environment) for creatine kinase measurement. One tube of serum and plasma were stored as reserve. Total creatine kinase (CK) was measured using automated techniques in a clinical laboratory (Vida Integra) and expressed in serum in International units per liter (IU/L). Creatine kinase is an indicator of muscle damage (3-5 x normal upper limit in myalgia, >10x normal upper limit in rhabdomyolysis).
Body composition and anthropometry
Lean body mass (total and in legs and arms) was measured by double beam X-ray absorptiometry (DEXA) in Lunar Prodigy Equipment (General Electric Medical Systems, Madison, WI, USA). Afterwards, the following anthropometric measures were assessed: height (cm), weight (kg), body mass index (kg/m 2 ) and knee-ankle distance (cm).
Functional capacity
Functional capacity was assessed by measuring quadriceps isokinetic strength, hand grip isometric strength and the timed up and go (TUG) test. Quadriceps strength (lower extremity strength) was measured three times using a quadriceps table and a digital force transducer, as previously described. 13 This method is preferable over the quadriceps hand-held dynamometer, since there is no need of force from the examiner. 14 Maximal voluntary concentric isokinetic torque was measured at an angle of 30º, to maximize force and minimize muscle and knee pain 15 after a warming up session of 20 (suboptimal) muscle contractions. Subjects had to sit straight, lean with their back on the quadriceps table with their arms crossed in front of their chest, to prevent contribution of other muscle groups. A pause of 2 min was held between each measurement.
Quadriceps muscle torque was calculated using the formula: Quadriceps muscle torque (Newton)= (A*B)/C A= Strength measured by digital force transducer (N) B= Height quadriceps table (cm) C= Distance knee-ankle (cm) Quadriceps muscle torque was converted from Newtons into kilograms dividing by 9.8 (gravity velocity in m/s 2 ). Since leg muscle mass influences leg muscle force, quadriceps muscle torque was divided by kilograms leg lean body mass and expressed as quadriceps specific force (kg/kg). An inter-examiner reliability study showed no significant differences between examiners (variability 5%) and a within-participant coefficient of variation, which ranged around 8%, when measured in five subjects on five subsequent days (data not shown). Handgrip strength was measured using a handgrip dynamometer (Therapeutic Instruments, Clifton, NJ, USA). Maximal strength was expressed in kilograms and measured three times in each hand. Handgrip strength was corrected for arm lean body mass (kg) and expressed as hand specific force (kg/kg). Timed up and go (TUG) (the time a subject can stand up from a chair, and walk around a piece of tape 4 meters away (total distance 8 meters)) was also measured, and expressed in seconds (better performance the lower the time required for the test). 16 
Other covariates
Confounders were identified using a specially developed questionnaire for the study and included questions about drug-and supplement intake, physical activity, muscle pain and co morbid conditions. Subjects were considered physically active if they performed physical activities more than two times per week.
Statistical analysis
Statistical analyses were performed using Stata 9.1 for Windows (Stata Corporation, Texas, USA). Normality of the variables was checked using normal probability plots and skewness/kurtosis normality tests. Variables with a normal distribution were expressed as mean±standard deviation. Differences in means of functional capacity and total body muscle mass between the two groups (statin users vs. controls) were assessed using a twosided independent student t-test in case of a normal distribution of the parameters. A Chisquare test was used for binominal categorical variables (physically active, high socioeconomic status, muscle pain). Kruskal-Wallis was used to test for non-parametric variables (age, BMI, fat mass, maximal hand grip strength, timed up and go, lean body mass). Correlations were assessed using Spearman rank. Multiple linear regression was used to examine the relationship of statin intake and functional capacity, adjusting for age, BMI, physical activity, muscle pain and socioeconomic status.
A P-value of <0.05 was considered statistically significant and marked in italic.
Results
Subject characteristics
A total of 137 subjects were eligible for the study and signed the written informed consent. Nine subjects were excluded, two because of a mini mental score <20, three because of a significant functional limitation and four because of an age <65 years. Finally, 128 subjects were included for statistical analyses (71 statin users and 57 controls). Among the former, 59 used atorvastatin, 8 lovastatin, 2 simvastatin and 2 rosuvastatin. Duration of statin use ranged from seven months to 20 years. Among the control subjects, three used statins until 2 months before measurements. Statin users and control subjects were similar in age (ranging from 65-84 [page 37] years), BMI and nutritional status (as shown in Table 1 ). Statin users were physically more active and had a higher socioeconomic status. Various confounding factors influenced muscle strength. Quadriceps absolute force was correlated with socioeconomic status (r=0.59, P<0.0001), timed up and go (r=-0.46, P<0.01), physical activity (r=0.32, P<0.001), muscle pain (r=-0.25, P=0.004), age (r=-0.18, P=0.04). BMI, drug use or lapse of statin use were not correlated to quadriceps absolute strength. When the same correlations were performed with quadriceps specific force, age did not correlate any more as shown in Table 3 . Table 4 expresses the influence of these factors on the relation of statin intake and quadriceps specific force. After adjusting for confounding factors (BMI, muscle pain, physical activity, timed up and go and socioeconomic status), the effect of statin use was not significant, while socioeconomic status determined much of the variation in quadriceps specific force. The influence of socioeconomic status on strength was big (β coefficient 0.63) and changed the coefficient of determination (R2) from 0.25 to 0.46 (0.44 excluding TUG). Therefore, socioeconomic status was a stronger predictor of quadriceps specific force than use of statins. Adding TUG and socioeconomic status in the complete model changed muscle pain and physical activity into non-significant factors regarding quadriceps specific force. This was expected, since leg muscle pain, TUG and quadriceps strength are all correlated with each other and physical activity was dependent of socioeconomic status (r=0.34, P<0.001).
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Sarcopenia
Hand specific force, timed up and go and lean body mass were only affected by BMI, but not by statins (data not shown).
Since socioeconomic status was a strong predictor of muscle strength, functional capacity measures and body composition were compared between women with a high vs. low socioeconomic status (see Table 5 ). Women belonging to the high socioeconomic group had better quadriceps specific force (P<0.001) timed up and go performance (P<0.001) and lower body fat mass (P<0.02) than the group of low socioeconomic status. Lean body mass and was similar in both groups.
Muscle pain and creatine kinase
Muscle pain was reported in 42% of the statins users and in 35% of the control subjects (P=0.41). Serum creatine kinase (CK) levels did not differ between statin users and controls and were under the normal upper limit of 192 IU/L for women (104±44 in statin users vs. 92±40 IU/L in controls, P=0.13).
Discussion and Conclusions
The results of this study suggest that low dose (<20 mg) statin treatment does not increase sarcopenia in elderly women, since we did not demonstrate deterioration in functional capacity or in lean body mass. To our best knowledge, this is the first study that investigated the effects of low-dosage statin treatment on sarcopenia in elderly women, measuring functional capacity by isokinetic quadriceps-, isometric hand grip strength as well as timed up and go and lean body mass.
The unexpected finding that statin users had better functional capacity (with regard to quadriceps muscle strength and timed up and go) was largely explained by the difference in socioeconomic status between the study groups. Subjects with a higher socioeconomic status were physically more active but did not have more lean body mass. Since only amount of lean body mass was measured by DEXA in our study, nothing can be said about differences in muscle quality between the two groups. It is possible that muscle quality is affected by socioeconomic status due to better nutritional quality. However, handgrip strength, a widely used indicator of nutritional quality in the elderly, 17 did not differ between socioeconomic levels. Since handgrip strength is a static measure that cannot be trained, the difference in physical activity is probably an important factor distinguishing the two groups in our study population. Improved muscle quality in the higher socioeconomic classes can be explained by better access to and higher quality of health care. Furthermore, differences in amount and type of physical and social activities can improve physical status. Another factor that could influence muscle quality is mus- cle fat infiltration. Myosteatosis is associated with reduced isokinetic leg strength in older adults, 18 probably due to increased muscle inflammation. 19 Physical activity can reduce muscle fat infiltration, improving muscle function without increasing muscle mass. 18 Our results are in accord with these findings, because subjects with higher socioeconomic status performed more physical activities, had lower fat mass and better muscular function, although no imaging techniques measuring muscle fat infiltration were used. Comparing muscle strength and timed up and go stratifying for socioeconomic status and physical activity, revealed no differences between statin users and controls, indicating that statin use did not affect functional capacity in our population. Finally, since only dynamic muscle strength measures differed between statin users and controls, statins at low dose, may improve vascular performance by influencing aerobic mechanisms. Statin dose and age are important factors regarding the risk of developing myopathy. 9, 20 In our study, low-dose (≤20 mg) statin intake was not associated with deteriorated functional capacity in elderly women. Our results on timed up and go and handgrip strength are in line with two other observational studies. 21, 22 One longitudinal study reported deteriorated quadriceps muscle function due to statin use. 23 However, younger subjects were included (mean age 62 years) and a static measure of leg muscle strength was used. Unfortunately, the authors did not discuss if these effects were related to statin dose. Reduced strength was not reported in a randomized controlled trial using 12 week 80 mg simvastatin treatment in 10 subjects (55-76 years). 24 On the contrary, superior leg functioning was even found in statin users, including 392 elderly men with and without peripheral artery disease, as measured by 4m walking performance. 25 However, this study population consisted of only men with a mean age of 70 years and again, statin dose was not reported. Finally, a recent review regarding six studies related to statins and muscle strength reported insufficient data to determine if statins reduce muscle strength. 26 In general, since dose and types of statins were not always reported, it is difficult to compare results. Therefore, future studies are needed assessing the effect of different doses and types of statin intake and muscle strength.
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Age is an important factor relating to sarcopenia. Nevertheless is not surprising that age was not related to quadriceps specific force, although it was related to absolute quadriceps strength. Since lean mass was also correlated to age (r=-0.18, P=0.039), the specific force (absolute torque/lean mass) did not correlate anymore.
Muscle pain was reported in both statin users as controls. Therefore, it is expected that creatine kinase levels (as a measure of muscle damage) did not differ between the groups. Apparently, low dose statin use does not elicit myopathy. 27 Thus, future similar studies should also include participants taking higher statin doses to compare the effects on functional capacity with users of low dose statins. Our study has a number of limitations. Since a cross-sectional design was used, statin effects could not be measured within persons and various between-person factors could have influenced our results. Compliance to statin therapy was not tested, and low rates of compliance to statin therapy in older adults are reported. 28, 29 Furthermore, assessment of muscle pain, statin treatment duration and physical activity relied on self-report. Future studies should include within-person comparisons of functional capacity with clear assessment of statin dose and duration.
In conclusion, in this study sarcopenia in elderly women was influenced by socioeconomic status but not by statin use.
